Abstract. In this article, the well-known approximate and analytical solutions of the Lane-Emden equation applying Taylor series expansion are derived. To the best of author's knowledge nobody has overcome the singularity of the Lane-Emden equation at the origin as it is carried out here.
Introduction
The well known Lane-Emden (LE) equation [1, 2] One of the main problems with the LE equation is the singularity at x = 0 which is a challenging task for many numerical methods to get its solution. Since the LE equation is important, for its importance see [1, 2, 3, 4, 5] , it has been the focus of several studies. In general, the solution of the Lane-Emden equation can not be given analytically but only numerically. It is solved analytically only for m = 0; 1 and 5 in [3] . For the other values of m, to our best knowledge, analytic solutions are still missing and thus the equation must be dealt with other techniques to get at least either approximate solutions or exact solutions [6, 7, 8, 9 ].
Main Results

Set
F (m; x; y; y 0 ) = xy 00 + 2y
where y(x) is an analytic function. From here,
By using (1.2) and applying L' Hospital's rule to the second term in (2.2) one obtains
That is, 
That is,
Di¤erentiating (2.7) with respect to x one obtains
From here, From here, By using (1.2), (2.3), (2.6), (2.9), (2.12) and applying L' Hospital's rule to the second and the third terms in (2.14) one obtains
Di¤erentiating (2.13) with respect to x one obtains 7y (6) + xy So for any m one formally has the following Taylor series expansion at x = 0. It is also well known that
So one formally has the following well-known results. This elegant analytic result is also rediscovered analytically and numerically recently [10, 11] . 
Conclusion
Series solutions to the LE equation for any real m up to tenth terms have been accurately obtained by working directly to the original di¤erential equation. The singularity of the Lane-Emden equation at the origin as it is carried out here has been also evaluated di¤erently from the previous published papers in the literature. It is con…rmed that the power series solutions obtained here satisfying (1.1) and (1.2) guarantees that numerical results obtained in [6, 7, 8, 9] are also correct. In [6, 7, 8, 9, 10, 11] and other numerical techniques which are not mentioned here considered m 0 but this study considers the LE equation for any real m. Power series solutions are useful since they give a good approximation to the solution on a small domain and it is comparatively easy to analyze the behavior of the equation.
